Abstract. Diesel engines are widely used in industry, automotive, power generation due to better reliability and higher efficiency. However, diesel engines produce high smoke emissions. The main problem of diesel engine is actually the use of fossil fuels as a source of energy whose availability is diminishing. Therefore alternative fuels for diesel fuels such as jatropha and butanol are needed to reduce dependence on fossil fuels. In this study, the effect of butanol usage on fuel consumption and smoke emissions of direct injection diesel engine fueled by jatropha oil and diesel fuel with cold EGR system was investigated. The percentage of butanol was in the range of 5 to 15%, jatropha oil was in the range of 10 to 30% and the balance was diesel fuel. Cold EGR was varied through valve openings from 0 to 100% with 25% intervals. The experimental data shows that the BSFC value increases with increasing percentage of butanol. In addition, the use of EGR results in a higher increase of BSFC than that without EGR. While the addition of butanol into a blend of jatropha oil and diesel fuel causes a decrease in smoke emissions. The results also informed that the use of EGR in the same fuel blend led to increased smoke emissions.
Introduction
Diesel engines are widely used due to higher fuel efficiency and generate greater power and torque compared to gasoline engines [1] . In addition, the diesel engine does not require spark plugs because the combustion system uses compression-ignition. This system allows the achievement of high initial pressure before the combustion process occurs [2] . Diesel fuel has a chemical structure made up of atoms and hydrogen with a straight chain structure. This structure is perfect because of better ignition quality so as to support the perfect combustion process [3] . The widespread use of diesel fuels, resulting in diminishing petroleum reserves and increasing gas emissions. Jatropha is a fuel derived from non-food ingredients studied as an environmentally friendly alternative fuel [4] . According to Jinlin Xue et al. [5] , blending jatropha with diesel fuel can reduce fears of oil fuel depletion * Corresponding author: masudinsyarif88@email.com without sacrificing power and economic value of diesel engines, but the use of jatropha as a blend material results in higher carbon emissions compared to diesel [6] .
Syaiful et al [7] in his research observed that by adding liquor alcohol (methanol) to jatropha and diesel fuel blends can reduce soot emissions, and this decrease increases with increasing percentage of alcohol in the blended. According to Imtenan S et al. [8] , blending butanol on the use of jatropha-fueled diesel engines, resulting in lower carbon emissions compared to diesel fuels. In the study Fayad MA et al. [9] , the active role of oxygen compounds contained in butanol as a blend of diesel fuel has an effect on increasing the oxidation concentration thereby suppressing the formation of soot. In addition, the high rate of heat propagation can decrease the size of Particulate Matter (PM). This is evidenced by Chen Guisheng et al. [10] , by experimenting the addition of butanol by 20% (B20) and 30% (B30) on diesel fuel. The effect of the addition of B20 blended is slightly better than B30 in decreasing soot formation due to longer ignition time. Therefore, it can be concluded that the use of butanol and jatropha as a blended of diesel fuel with the EGR system has a positive impact on diesel engines, so research needs to be done specifically on specific fuel consumption and the resulting carbon black emissions. Isuzu 4JB1 engine is released with a brake-water dynamometer. The printing press uses a digital tachometer with a proximity sensor. A measuring cylinder and stopwatch to measure the flow rate of fuel. The exhaust temperature was monitored by a digital thermometer, while the inlet flow and the EGR flow rate were measured by using the orifice. An experimental set up can be seen in Figure 1 . The test was done at a constant engine speed of 2500 rpm, by varying the EGR band by 0%, 25%, 50%, 75% and 100%. In this condition, the EGR input is cooled by cooling the EGR channel to be inserted into the cylinder (cold EGR). The opening variations of 25%, 50%, 75% and 100% opening are done in any EGR deadlock situation. Variations are made for each fuel blended. Such a fuel in Table 1 . 3 Result and Discussion
Research Methods

Data and Analysis of Fuel Consumption Test Result (BSFC)
Figures 2 (a) and 2 (b) illustrate the effects of fuel variations on BSFC with EGR applications and without EGR. The value of BSFC decreases as the percentage of load increases. This decrease is due to an increase in cylinder wall temperature which decreases the ignition delay. So that burning increases and fuel consumption decreases [11] . The use of blended fuel produces a higher BSFC value than pure diesel. Increased percentage of jatropha and butanol cause increasing BSFC value. This increase is due to the high concentration of oxygen in butanol [12] . The increase in the value of BSFC due to the percentage of butanol also occurred in the study of Ibrahim Amr [13] , and Hua Tan Yie et al. [1] . Increasing jatropha content in blended fuel also resulted in increased BSFC value. This is due to the low value of heat contained in jatropha [14] . In addition, the opening of the EGR valve also causes the value of BSFC to be increased compared without EGR. The increase of BSFC value is due to dilution effect by decreasing the concentration of oxygen into the cylinder. As observed by Donghui Qi et al. [15] . Based on the above experiments, the use of blended fuels generally produces a higher BSFC value than the D100 except blended fuel with a jatropha content of 10% lower than D100. This is due to an increase in power value due to the high concentration of oxygen concentration in butanol which is more dominant than EGR. Testing with EGR on average yields a higher BSFC score than testing without EGR. In testing without EGR, the highest increase of BSFC value occurs when using DJ30B10 fuel at 50% load which is 12.33% and the highest BSFC value occurs at 0.273 kg/kW.jam fuel. While on the test with EGR application, the highest increase of BSFC occurred on DJ30B5 fuel at full load of 5.61% and the highest BSFC value occurred on DJ30B15 fuel at the low load of 0.268 kg/kW.jam.
Data and Analysis of Emissions of Soot (Opacity)
Figures 4 (a) and 4 (b) are a presentation of the effect of fuel variations on opacity with EGR applications and without EGR. Smoke opacity increases as a percentage of load increases. This is due to the reduced AFR at high loads where the amount of fuel injected is more into the combustion chamber so that much of the fuel is not burned and wasted with the exhaust gases [5] . But along with the increase in the percentage of butanol in blended fuels the smoke opacity decreases. This is evident from the diminution of particulate matter (PM) dimension in soot due to high oxygen content in blended fuel [9] . High oxygen content in alcohol (butanol) encourages the occurrence of carbon oxidation so smoke opacity becomes decreased [16] . The decrease of smoke opacity due to oxygen concentration also occurred in Huang Haozhong et al. [17] , and Zerrakki M Is et al. [12] . In addition, the jatropha content in blended fuel also resulted in a decrease in smoke opacity [18] . This is due to the low aromatic compound and sulfur content in jatropha and the oxygen content present in jatropha causing a decrease in the value of smoke opacity [5] . Based on the above test images, the use of blended butanol and jatropha fuels in diesel fuel with EGR applications resulted in a decrease in smoke opacity but still higher than without EGR. This is due to decreased carbon oxidation due to the EGR application which reduces the supply of oxygen in the combustion chamber (Syaiful et al, 2013) . In the without EGR test, the highest smoke opacity drop occurred when using DJ20B15 fuel at low loading of 25.24% and the highest smoke opacity value occurred at D100 fuel of 31.88% at full load. While using blend fueled, the highest smoke opacity value occurs on the DJ10B5 fuel of 29.81% at full load. In the with EGR test, the highest smoke opacity drop occurred when using DJ20B10 fuel at a low loading of 33.46% and the highest smoke opacity value occurred at D100 fuel of 34.16% at full load. While using a blended fuel, the highest smoke opacity value occurs on the DJ10B5 fuel of 31.61% at full load
The following are the main conclusions drawn from research on specific fuel consumption and soot emissions from direct injection diesel engines with blended diesel fuel, jatropha, and butanol cold EGR: 1. Butanol and jatropha concentrations in diesel fuel cause an increase in the value of BSFC. The low heating value and high oxygen content is the cause of the increase in the value of BSFC. In addition, the EGR Application also leads to an increase in the value of BSFC. 2. Experiments with EGR result in an increase in the value of BSFC with a higher average than without EGR. The highest increase of BSFC value when testing without EGR occurs on DJ30B10 fuel at 50% load which is 12.33% and the highest BSFC value occurs at 0.273 kg/kW.jam fuel. 3. While on the test with the EGR application, the highest increase of BSFC occurred on DJ30B5 fuel at full load of 5.61% and the highest BSFC value occurred on DJ30B15 fuel at a low load of 0.268 kg/kW.jam. 4. Smoke opacity increases as a percentage of load increases. The use of butanol and Jatropha causes the smoke opacity value to be lower than D100. This is because the oxygen content in butanol and jatropha triggers the occurrence of carbon oxidation. 5. Testing of variation of fuel with EGR application also resulted in a decrease of smoke opacity value but still higher than without EGR. In the with EGR test, the highest smoke opacity drop occurred when using DJ20B15 fuel at low loading of 25.24% and the highest smoke opacity value occurred at D100 fuel of 31.88% at full load. While using a blended fuel, the highest smoke opacity value occurs on the DJ10B5 fuel of 29.81% at full load. 6. In the EGR test, the highest smoke opacity drop occurred when using DJ20B10 fuel when the low loading was 33.46% and the highest smoke opacity value occurred at D100 fuel of 34.16% at full load. While using a blended fuel, the highest smoke opacity value occurs on the DJ10B5 fuel of 31.61% at full load.
